Introduction
Fluctuations in weight/fatness are compared in a longitudinal study of male participants aged 40-80 years from the Normative Aging Study (NAS) at the Veterans Administration Outpatient Clinic in Boston. The incidence and prevalence of repetitive weight changes and factors associated with stability in body habitus are examined. The contributions of secular trends in weight/fatness, fat distribution patterns, family weight history, dieting efforts, and nutrient intakes to weight stability are discussed.
Contributions of aging to weight stability
Cross-sectional studies have documented the effects of age, gender, race and secular influences on changing body habitus [ 1,3 1,33,41] . The US population has reportedly gained weight over the last two decades and the prevalence of obesity has increased even in childhood and adolescence [15, 17, 37] . Overweight among adults of varying ages has increased within the last 10 years despite widespread health concerns and dieting [ 13, 381 . Recent statistics suggest that in 1986, 28.4% of US adults 25 to 74 years of age were 20% or more overweight judged by body mass index (BMI) 2 27.8 for men and 27.3 for women [33] .
Cross-sectional studies in England, Canada, US and Holland report that in both men and women, relative weight increases during adulthood, is maintained in middle age and decreases in old age [3, 20, 22, 28, 29, 32, 33, 35, 39] .
These associations between age and weight might be partly a result of differential mortality in the lean or obese or to both cohort and age effects which are possible in cross-sectional studies. However, data from prospective studies support these general findings.
Longitudinal studies suggest age related trends in relative weight [ 14, 19, 21] . Existing prospective studies suggest relative consistency in body weight patterns over time. Changes in weight, BMI, and skinfold thickness (triceps and subscapu-lar) were studied over 4-7 year intervals in 17,000 Finnish adults in a recent health survey [34] . Average weight and BMI increased with age in men and women below age 50 at entry, changed little in men aged 50-70 (women 50-60) and declined at later ages. Both moderate overweight (BMI 27.0-29.9 kg/m*) and severe overweight (BMI 2 30 kg/m*) increased in successive age cohorts of men and women until age 70 years. Approximately 24.7% of all Finnish men and 33.7% of all women were considered overweight and 8.3% of men and 17.4% of women were estimated to be severely overweight.
Small changes in individual weights were reported; two-thirds of the participants maintained their weight within 5 kg of their original weight classification (lean, normal, moderately or severely overweight). A weight gain of 10 kg or more occurred in 9% of the males, 4% of the females and a 10 kg weight loss in only 2% of the males and 4% of the females. Both weight loss and weight gain occurred among overweight subjects. Weight loss was associated with old age and higher initial BMI whereas weight gain was most common in young adults even among those with high initial BMI. Among 40-69 year old men there were negligible changes with 15% losing or gaining 5 kg. BMI increased until age 50 and decreased thereafter.
Weight cycling
Cycles of weight loss and regain have been hypothesized to alter metabolism permanently.
This 'weight cycling' effect has variously been defined as an increased difficulty in losing weight requiring greater caloric restriction or longer periods of time to achieve previous levels, more rapid or greater weight regain or a seemingly permanent decrease in energy needs [ 111. Postulated mechanisms include lasting declines in resting metabolic rate, increased efficiency in fat utilization and storage or differences in lipoprotein lipase activity and fat cell morphology [6,7,1 I] .
The extent of repeated cycles of dieting and/or recidivism in the normal or nonclinic population is unknown. At present, the results of studies of human dieters are inconsistent and fail to support hypotheses of repeated weight loss and gain producing increased efficiency in fat utilization and storage [7 vs 401. Currently, results are viewed as both inconclusive and circumstantial and any apparent mechanism controversial.
Recently, studies have focused on the deleterious consequences of weight changes reporting greater morbidity and mortality solely as a consequence of weight fluctuations [ 181. Recent reports from the MRFIT, Goteborg and Framingham populations suggest an association between weight cycling (individual variations in body weight) and CHD and mortality independent of BMI or age [2, 25, 26] . It has recently been suggested that stability in body habitus may be related to a lower risk for cardiovascular disease (CVD) [ 161. Data were based on self-reported weights (at ages 20 to 40) by 45-56 year old men in the Western Electric study. The minority of participants reporting one of three weight patterns (no change, gain only, or gain and loss) were compared with all other participants. A proportional-hazards regression analysis was used to examine the relative risk of death among the groups after adjustment for confounding variables. Weight fluctuations among younger subjects appeared to be related to increased mortality 25 years later. Recent data from the Baltimore Longitudinal Aging Study [25] suggest that fluctuations in body weight are related to greater decreases in glucose tolerance and greater increases in the ratio of subscapular to triceps skinfolds but not with waist-hip ratio, serum cholesterol or triglyceride levels or subsequent CVD. Weight fluctuations might influence possible cardiovascular risk via redistribution of fat patterns or impairments in glucose tolerance.
Pattern of fat distribution and age
A major factor in the correlation between excess adiposity and morbidity/mortality may be the anatomical distribution of adipose tissue. At equivalent fatness levels, individuals with predominately central (android) patterns of fat distribution will experience higher rates of atherosclerotic heart disease, stroke, hypertension, hyperlipidemia and diabetes than will similarly fat individuals with predominately peripheral (gynoid) patterns of fat distribution [ 12, 23, 24] . Other studies report that age produces progressive trends toward increasing upper to central body fat deposition [36] . Great variability among individuals in the redistribution of fat with increasing age has also been documented [30] . Results from computer based tomography studies of intra-abdominal fat deposition show greater accumulation in older subjects [lo] .
The normative aging study (NAS)
Most studies have been limited by reliance on self reported weights or BMI, small sample sizes, low variability in age ranges or reduced levels of initial body habitus. The added contributions of age, sequential fluctuations, initial body habitus or pattern of fat distribution are usually ignored or eliminated. Data on 'natural' weight shifts or deliberate dieting are typically unavailable. The extent and timing of weight changes or stability in body habitus in relation to family background or pattern of fat distribution are unknown. It is unclear whether the risks of other chronic diseases are also related to weight fluctuations or whether the addition of age, gender and obesity greatly increase the prevalence and degree of weight fluctuations or the long term risks.
Prospective studies provide the ideal vehicle to document the degree of stability in weight and famess patterns over the life span of older Americans. Factors leading to success or failure in weight loss and maintenance such as intentionality, repeated efforts, diet or exercise, degree and duration of overweight, age at onset of obesity, familial background and fat distribution patterns can be identified. Dieting efforts are likely to show both secular and cohort effects, varying as a function of s92 degree of overweight, age and/or morbidity. Thus, it is desirable to obtain data from a longitudinal sample, of initially healthy individuals who can be classified at the outset on a continuum of body habitus and in whom fat distribution patterns can be ascertained. An ideal opportunity to document the existence of weight fluctuations among individuals of varying body habitus, factors involved in the stability and persistence of obesity, and the consequences of both excess weight and changes in weight exists in the ongoing prospective study of healthy men aged 40-80 enrolled in the Normative Aging Study (NAS) [5] .
Use of the NAS data base allows precise measurement of long term incidence and prevalence of weight fluctuations among various age cohorts. Evidence for a 'weight cycling effect' i.e., an increased rate of regain, decreased rate of subsequent weight loss or increased amount of weight regain can be examined. Data are also available to determine the relationships among weight fluctuations, patterns of fat distribution and health risks. Empirical data include measured height and weights and anthropometric data from the time of enrollment (i.e., > 15 years). Thus, fat patterning as well as subject reliability or memory of weight history status can be checked.
Subjects are selected from the ongoing VA Normative Aging Study [5] . Boston men (n = 2,280) aged 21-81 years (mean age 42 years) were enrolled during 1961-1970. Clinical examinations have continued at 3-5 year intervals depending on age (< or > 52). Data on the approximately 1,800 remaining men include regular clinical and anthropometric measurements (weight, height, skinfolds, circumferences, etc.) and recent data include activity questionnaires, food frequencies, various biochemical indices, tobacco and alcohol use, and reported heights and weights for spouses at enrollment. Only initially healthy volunteers were included e.g., those with hypertension, diabetes, CVD etc., were excluded. Body habitus however, was not a criterion for exclusion.
These data allow determination of the existence of repeated cycles of weight loss/gain in community samples of older men, the relative stability in weight patterns among individuals of differing ages with differing patterns of fat distribution and associated CVD risk factors. Answers to the following questions can be obtained: How stable is body habitus in adult white males aged 40-80? Are certain patterns of fat distribution (centripetal or abdominal (internal) depots) more likely to lead to instability in body habitus or be more closely linked with morbidity/ mortality and family background? Are repeated cycles of weight shifts related to either increased morbidity or permanent alterations in metabolism?
